Abstract. The paper analyses development of the Baltic sovereign CDS market. The level of commonalities and differences in credit risk of the Baltic countries with regard to CDS spreads is investigated. We apply principal component analysis, regression analysis, correlation analysis methods and Granger causality test. Driving forces for changes of CDS spreads in the individual country are established. We discover that the main impact of CDS spread changes arrives from external sources. Our study reveals interdependence between CDS spreads of the Baltic countries and analyses a contagion effect of the change of CDS spreads.
Introduction
The Baltic countries -Estonia, Latvia and Lithuaniadeclared their independence in 1990. After collapse of the Soviet Union in 1991 the Baltic countries were recognised as sovereign by the broad international community. With a very similar starting point, the countries chose an inde pendent way of development. Following a hangover from a purely administrational system of political and economic fundamentals, the countries took a way to a democratic po litical system based on market economy principles. Market economy creates new challenges, and management of the countries' risk is one of them.
A natural way of development of the Baltic countries has been tightening links with Western countries. Joining the European Union (EU) in 2004 was a new step of the Baltic countries to strengthening ties with Western countries and Nordic countries in particular. Introduction of the euro was the next step towards integration. Entering the eurozone was not unified. Latvia joined the eurozone in 2014 follo wing Estonia which became the eurozone member in 2011. Lithuania is going to introduce the euro in 2015.
Despite a common recent history of the Baltic countries they have several differences. Fiscal policy and development of the stock of sovereign debt are very different in these countries. Historically, Estonia follows consolidated fiscal policy and consequently the sovereign debt of the country is the lowest in the EU 1 , whereas Latvia and Lithuania run a budget deficit. The budget deficit of Latvia and Lithuania reached 9.8 and 9.4 percent of the GDP in 2009 (European Commission 2014).
The world financial crisis of 2008 seriously shocked eco nomies of the Baltic countries. These countries were the first in the EU, affected by the global credit crises. After conti nuous fast growth of economy the real GDP growth dropped by 14.1 percent for Estonia, 14.7 percent for Lithuania and 17.7 percent for Latvia in 2009, according to Eurostat 2014. The credit crush followed by a dramatic drop of GDP caused problems in the financial sector of the Baltic countries. In 2008 Parex bank was nationalised in Latvia. Two banks in Lithuania were closed down in 2011 and 2013. Since the bankruptcy of Lehman Brothers, the credit risk of sovereigns has attracted particular attention. Before this event, credit market had been focused on corporate credit risk. The sovereign debt of the developed countries had been treated as risk free. The default risk of emerging markets was treated as very low. Starting from September 2008, the credit risk of the sovereigns was reassessed fundamentally. The credit risk of the countries of the EU was revised by the market on the largest scale. Even stable Nordic countries having a triple A ratings faced a revision of their credit risk. The rest of the paper is structured as follows. Section 2 presents literature overview focusing on CDS as an indica tor of credit risk. Section 3 discusses developments in the sovereign CDS market of the Baltic countries. Section 4 reveals the drivers of the CDS spreads of the Baltic countries. Section 5 analyses transmission of CDS spreads between the Baltic countries by using VAR together with Granger causality test. Section 6 presents a conclusion of the paper.
Sovereign CDS spread as credit risk measure of the country
Increase of the sovereign debt enhanced importance of the interest rate paid on the debt. Volatility of the market stresses a need to use a marketbased measure of the borro wing cost. A common measure of the country's borrowing cost in an international market is a sovereign bond yield spread which is defined as a difference between the yield of the country's debt securities and the yield of the bonds of AAA rated sovereign. Currently the interest swap rate is used as an indicator of a risk free rate substituting the yield of high quality securities in defining a bond yield spread (see Beber et al. 2009 ). The sovereign bond yield spread is one of the measures of credit risk of the country.
CDS spread is an alternative measure of the sovereign cre dit risk. According to BIS (2012) , the total outstanding notio nal amount of sovereign CDS ant the end of June 2013 was 3.4 trillion of USD dollars, which approximately is equal to 6% of sovereign debt. As a measure of credit risk, CDS spreads imply a probability of default of the sovereign combined with a recovery ratio in case of a default. One of the advantages of CDS spreads to bond yield spreads is that they explicitly express risk and there is no influence from a risk free yield curve which can be built using some models (Ericsson et al. 2009 ). Being a market indicator, CDS spreads incorporate some market "noise" which is not directly related to credit risk. It consists of the liquidity of the market, positions of traders and similar factors. Badaoui et al. (2013) argue that liquidity risk can have a substantial impact on the level of CDS spreads. Despite it, CDS spreads serve as an appropriate measure of credit risk. Hull et al. (2004) analysed the relationship between CDS and credit rating announcements. They found that reviews for downgrade of the ratings contain significant information for CDS spreads, but a negative outlook of the rating does not. They established that credit spread changes and credit spread levels provide helpful information for estimation of a probability of negative credit rating changes. Remolona et al. (2008) decomposed CDS spread to default risk and riskpremium. The default risk is a function of Standard and Poor's and Moody's rating announcements. Jacobs et al. (2010) investigated the relationship between CDS spreads and credit ratings in order to explain how market participants perceive and price credit risk. They modelled credit default spreads and a variation between CDS spreads and credit ra tings. Their empirical results indicated that after controlling for market returns, market volatility and interest rates, CDS spreads increase with a subordination of the credit quality of the reference entity. Wang and Yao (2014) investigated the strategies for international bonds and sovereign CDS trading.
The fact that credit risk can be measured by CDS spre ads and yield spreads implied an interest of analysing these two variables together. A number of papers were devoted to analysis of the leading role of two variables: CDS spreads and bond yields of the same entity. As indicated by Blanco et al. (2005) and Zhu (2006) , the CDS market surpasses the bond market in price discovery for corporate entities. Forte et al. (2009) applied VECM to find out the leading indicator among three variables: stock price volatility, bond spreads and CDS spreads. They established that stocks exceeded CDS and bonds. Their modelling shows that CDS play a leading role with respect to bonds. Norden, Weber (2009) proved that the CDS market contributes more to price discovery than the bond market and this effect is stronger for the US than for European firms.
There is a number of papers (IMF 2013; Fontana, Scheicher 2010 ) describing comovement of sovereign CDS and bond spreads. It is commonly agreed by the authors that cointegration relationship of the variables holds reasona bly well. IMF (2013) performed a comprehensive leadlag analysis of CDS and bond spreads and made a conclusion that both of the indicators can be leading depending on the market conditions. Leadership of CDS spreads against bond spreads is different for advanced and developing eco nomies. According to IMF (2013) , CDS prices moved faster in advanced economies during the crisis period. Gyntelberg et al. (2013) analysed the comovement of CDS and bonds spreads of the euro area countries during intraday trading.
They found that the CDS market dominated over the bond market in terms of price discovery in the vast majority of cases they examined. A leadlag analysis for various euro area countries was carried out by many authors. The French CDS analysis was presented by Coudert, Gex (2010) , the Italian case was described by Carboni (2011) .
CDS spreads of different countries move together in the same direction. By using a principal component (PC) analysis, Longstaff et al. (2011) established a high level of commonality in sovereign credit spreads for a number of countries. He claimed that sovereign credit risk appeared to be much more linked to global factors than local equity returns were. The role of contagion for sovereign risk of 31 countries was analysed by Beirne and Fratzscher (2013) . The authors found that the market pricing of sovereign risk may not have been fully reflecting fundamentals prior to the crisis. Alter and Beyer (2013) quantified spillovers between sovereign credit markets and banks in the euro area. Gorea and Radev (2014) examined the determinants of joint default risk of euro area countries during 2007-2011. They found that financial linkages are an active contagi on transmission channel only in the case of the troubled periphery of the euro area economies. Ang and Longstaff (2013) found that both U.S and eurozone systemic sovereign risk was strongly related to financial market returns and systemic sovereign risk had its roots in financial markets rather than in macroeconomic fundamentals. Kallestrup et al. (2012) revealed that crossborder financial linkages were priced in CDS markets. They stated that implicit and explicit guarantees extended to a country's banking system in turn affected the CDS premium of the sovereign.
There is a number of papers analysing a contagion effect of the risk of the Central and East European countries (CEE) expressed in terms of CDS. Komarkova et al. (2013) de monstrated that credit risk was transmitted to the Czech Republic via a spillover crosscountry effect. The transmis sion of negative shocks to the Czech Republic has already been analysed by Claeys and Vašíček (2012) . By using a method based on a VAR model and bond spread data, they concluded that up to 44% of the dynamics of the Czech credit premiums could be explained by the dynamics of foreign premiums. Chobanov et al. (2013) analysed the relationship of CDS and money markets of the CEE coun tries. The authors found that the link became weaker and less pronounced for the inflation targeting countries. Kliber (2011) studied interaction between volatilities of the Central European CDS prices. The author analysed the impact of the Greek crisis and the economic situation in Hungary to CDS spreads of the Central European countries. The author did not find any direct impact of the increasing risk of Hungary on the CDS levels of other countries.
During the sovereign debt crisis, authorities of the EU followed developments in the sovereign CDS market very closely. In order to limit a possibility of speculati ve use of CDS, the EU regulation on "Short Selling and Certain Aspects of Credit Default Swaps" went into effect on 1 November 2012 (see European Commission 2010). The document seeks to reduce uncovered sovereign CDS trading in order to avoid the risk of increasing spread spi rals for sovereign debt. In fact, the document limits short selling of uncovered debt instruments and CDS protection buying. Despite the restrictions, CDS play a crucial role in the European financial market.
CDS market of the Baltic countries
Lithuania entered an international capital market in 1995. The first Eurobond of Latvia was issued in 1999. The debt of Latvia and Lithuania has increased over time and investors had been willing to hedge their credit exposures. CDS is a flexible market instrument to do it. Estonia has not issued any Eurobonds at all. Despite a very low debt of Estonia, the CDS market exists in Estonia. It shows that CDS are used not only for direct hedging of the reference entity exposure. The outstanding notional amounts of Estonian, Latvian and Lithuanian CDS were 1.9, 7.9 and 6.1 billion respectively in USD on 7 March 2014. The ratio of the out standing notional amount of CDS to sovereign debt at the end of 2013 is presented in the Figure 1 . It is worth to notice that according to BIS the ratio of the outstanding notional amount of CDS to the sovereign debt worldwide was equal to 6% in June 2013.
A low sovereign debt of Estonia implies that the ratio of the outstanding notional amount of CDS is fairly high. It is worth to notice that the outstanding notional amount of CDS has decreased for all the countries by 33% on the average from 9 March 2013 to 7 March 2014.
Volatility of liquidity of the CDS of the Baltic countries has been stable over time. Komarkova et al. (2013) . They found that the movements in the Czech sovereign CDS market preceded movements in the sovereign yield spread during the global crisis. A leadlag analysis of the Lithuanian CDS and bond market during and after the crisis was investigated by Kregzde and Murauskas (2014) .
Investigation of a pairwise relationship between mont hly CDS spread changes 3 of the countries under considera tion was the first step in our analysis of credit risk sources of the Baltic countries. Correlation coefficients between monthly changes of CDS spreads from September 2008 to December 2013 are presented in Table 2a . We see from Table 2a that the correlation between CDS spreads changes is very high. We established that pairwise correlation co efficients were greater than 0.836. The average correlation across the countries was equal to 0.880. The greatest corre lation was observed between CDS spread changes of Latvia and Lithuania which was equal to 0.935. The phenomena can be explained by greater links of Estonia to the countries of the euro area.
Correlation between monthly changes of the sovereign CDS spreads was analysed by Longstaff et al. (2011) . They found that the correlation between Chile and Mexico was 0.87, the correlation between Korea and Malaysia was 0.82 and the correlation between Romania and Croatia was 0.91. The average pairwise correlation observed throughout the countries 4 was 0.62. Authors concluded that the majority of sovereign credit risk was linked to the global factors. Caporin et al. (2013) analysed daily changes of CDS spreads of seven Eurozone countries 5 and the UK from November 2008 to September 2011. They found that most of the cor relations were less than 0.7, and several were less than 0.50. The average correlation across the eight sovereign countries was 0.502. When making a comparison with the findings of Caporin et al. (2013) we conclude that the correlation between CDS changes for the Baltic markets is higher than that for the selected EU countries.
Estonia joined the euro area from January 2011. The final decision to accept the application of Estonia to join the euro area was made by European authorities in June 2010. Therefore, we divided the initial period into two sub periods from September 2008 to June 2010 and from June 2010 to February 2014. Correlation coefficients of the monthly changes of CDS spreads are presented in Tables  2b and 2c . We established that after the middle of 2010 the correlation of Estonian CDS spreads and CDS spreads of the other Baltic countries dropped down. The above supports the hypothesis that joining the euro area has some influence on the sovereign credit risk as expressed in terms of CDS.
After having observed a very high correlation of CDS spread changes between the Baltic countries, we calculated the pairwise correlation of local equity returns expressed in euros for each of the markets. The results are presented in Table 3 . The local equity correlation observed across the countries is equal to 0.701 on the average. The finding we have made is that correlations with respect to equity returns are lower than those for the changes of CDS spreads. Based on the above we can conclude that interdependence between CDS spreads is higher than that between equities. Our next step was to study commonality in sovereign credit spreads by using a principal component analysis. We conducted a PC analysis of the changes in sovereign CDS spreads and contrasted the results with those for equity index returns for the same countries. We used correlation matrixes in estimating the principal components. The results show that there is a strong commonality in the behaviour of sovereign CDS spread changes. In particular, the first PC explains 92.1 percent of the sovereign CDS spreads changes. In contrast, the first principal component of equity index returns for these same countries explains 80.3 percent of the variation in equity returns.
We computed a time series for the first PC of CDS changes. A correlation of this first PC index with the EURO STOXX 50 index returns is -0.732 and a correlation with changes in the VIX index is 0.514. Moreover, a correlation between stock market returns and changes in the VIX index is -0.669. Noteworthy, CDS spread changes are negatively correlated with the stock market return and positively correlated with changes of the VIX index. The principal source of variation across sovereign credit spreads is highly correlated with the euro stock market as measured by the EURO STOXX 50 index returns and with the VIX index. Relationships between CDS spread changes and market indexes have been investiga ted by a number of authors. Pan and Singleton (2008) found a strong relation between sovereign credit spreads and the VIX index, whereas Longstaff et al. (2011) found sovereign credit spreads to be significantly related to the U.S. market returns and the VIX index.
Drivers of CDS spreads of the Baltic countries
Our previous calculations show that interrelations between CDS spread changes of the countries are very high. In this part we present an analysis of dependence of CDS spread changes on market variables and macroeconomic variables for the individual Baltic country. We applied a regression analysis for each Baltic country. We selected regressors from the following two sets of variables: variables descri bing the domestic market and variables from the global market. In the beginning, we selected variables represen ting the domestic market: GDP growth rate, Debt to GDP ratio, Current Account and Local Equity return. The glo bal variables were the following: the Dow Jones Industrial Index return representing the USA equity market, the Dow Jones EURO STOXX 50 index return which represents the euro stock market, the Chicago Board Options Exchange Volatility Index VIX and Funding cost.
Furthermore, we decided to exclude the Dow Jones Industrial index from the set of variables, because a cor relation of the index with the Dow Jones EURO STOXX 50 index was very high. Finally, we had 7 variables for the regression equation:
1. GDP growth rate (∆GDP);
We treated the GDP growth rate as one of the main economic variables describing the health of the eco nomy. Technically, we considered a quarterly GDP growth rate and interpolated data by using a cubic spline to obtain monthly figures. 2. Difference of the Debt to GDP ratio (∆DEBT/GDP);
We considered a quarterly ratio of the debt to GDP changes and interpolated data by using a cubic spline to obtain monthly figures. 3. Difference of the Current Account (DCA);
We considered a quarterly Current Account chan ges and interpolated data by using a cubic spline to obtain monthly figures.
Monthly local equities return (LR) of the countries;
We calculated the monthly return of the local equity index from the daily data of closing prices.
Monthly return of the Dow Jones EURO STOXX 50 index (ER);
We calculated the monthly return of the euro equity index from the daily data of closing prices.
Monthly changes of the Chicago Board Options Ex change Volatility Index (DVIX);
We used the value of the index at the end of the month. The index was calculated in US dollars.
Monthly changes of the funding cost (∆FUN).
We used the IMF's, 2013 approach to define the fun ding cost. In our calculations, the funding cost was a difference between 3months' Euro Libor rate and EONIA. The data from the end of the month was applied. Finally, our regression model for the monthly changes of CDS spreads
There, index i = 1, 2, 3 represents the country and t is time.
Results of the regression analysis are presented in Table 4 . As we see from Table 4 , the euro equity return is significant for CDS spread changes for all the Baltic coun tries at 1% level. The local equity return is significant for Lithuania and Latvia at 1% and 5% level respectively. As we see from Table 4 , the global and local market indices have significant impact on the changes of CDS for the Baltic countries. The funding cost is significant for Latvia at 5% level. The VIX is significant for Estonia at 10% level. Note: * -Significant at 10 percent level. ** -Significant at 5 per cent level. *** -Significant at 1 percent level.
Currently, the Debt to GDP ratio deserves exclusive attention in the EU, because the ratio has been increasing dramatically during the period of our interest. We had a hypothesis that this ratio should have had significant inf luence on the country's risk. Calculations revealed that the hypothesis was misguided. Our calculations showed that this parameter was significant only for Latvia at 10%. For other Baltic countries, the change of the Debt to GDP ratio was an insignificant variable. This can be explained by the fact that the Baltic countries have relatively low debt to GDP ratios. The Debt to GDP ratio of the Baltic countries did not exceed 42 percent of GDP, which is low compared to the average in the EU which is equal to 87 percent 7 . The GDP growth rate was significant only to Latvia at the 10% level. Hilscher and Nosbusch (2010) established that volatility of terms of trade in particular had a statistically and eco nomically significant effect on credit spreads for emerging countries. Taking into account their findings, we included the current account variable into the regression. We expec ted that this variable would be significant in our regression. Unfortunately, this hypothesis was misleading with respect to the Baltic countries. The current account variable was not sig nificant in our regression equation for Latvia and Lithuania. The current account was significant for Estonia at 10% level.
It is well known that financial markets are looking ahead. The reaction of financial markets is mostly based on the expected future behaviour. Heinz and Sun (2014) consi dered a regression equation for the sovereign CDS where macroeconomic data were replaced by the forecasting consensus of these data. We modified their approach by using macroeconomic data of the Baltic countries one and two months ahead instead of the forecasting consensus in 7 The data in the end of 2013. our regression equation. Our approximation is not suita ble in forecasting models, but it makes sense in finding re lationship between the variables. The results are presented in Table 5 and Table 6 . Our finding was that a 2month future GDP growth rate was significant for Lithuania at 1% level.
In concluding the results of the regression analysis of CDS spreads of the Baltic countries we can stress that glo bal and local financial indicators are the main drivers of the changes.
Transmission of CDS spread changes of the Baltic countries
The next step in our analysis focuses on the relationship between the Baltic countries. First of all we are going to analyse the relation of CDS changes of the Baltic countries and the Nordic countries -Denmark, Finland and Sweden. CDS spreads of the Nordic EU countries are presented in Figure 5 .
We calculated pairwise correlation coefficients of CDS changes of the Baltic Sea region countries. The results are presented in Table 7 . Sweden is the Nordic country having the highest correlation with the Baltic countries. The ave rages of the correlation coefficients of Denmark, Finland and Sweden with the Baltic countries are equal to 0.669, 0.649 and 0.825 respectively. The results are in line with Hegerty (2012) who showed the interrelation of the curren cy markets of the countries. It is important to notice that the Note: * -Significant at 10 percent level. ** -Significant at 5 percent level. *** -Significant at 1 percent level. shows that financial sector is a very important transmission channel for the spillover of sovereign risk. Our next step was to find the impact of CDS changes in one country to the changes of CDS in another. For this exercise we use the Granger casualty test. In order to produ ce a more sensitive analysis, we use weekly data instead of monthly data which we have used before. Table 8 presents results of PhillipsPerron Unit Root Test on CDS changes of the Baltic countries. Moreover, it provides summary sta tistics for each variable used in our analysis. Since the above variables are shown to be stationary, we enter them into our VAR model. After choosing the VAR (2) by minimizing the Schwarz Bayesian criterion (SBC), we analysed connections among the variables of CDS changes of the Baltic countries by using the Granger causality test. As shown in Table 9 , the test statistics are significant at 1% level, except for the case of Lithuania. Thus, it seems that the past values of CDS changes in one Baltic country helps to predict CDS changes in another Baltic country, yet it is worth noticing that CDS changes in Estonia and Latvia are less helpful to predict CDS changes in Lithuania.
Conclusions
The size of the sovereign CDS market of the Baltic coun tries has been quite stable over the last years and the ratio of the notional amount of CDS to sovereign debt is higher than the average ratio of the sovereign CDS to the debt worldwide.
Credit risk of the Baltic countries, expressed in terms of CDS spreads, is not an individual one. In general, CDS spre ads move together for all the countries. The first PC explains 92 percent of CDS changes. The global environment plays a crucial role in changes of CDS spreads of the Baltic coun tries. A correlation of this first PC with the EURO STOXX 50 index returns is 73 percent. Commonality in CDS spreads of the Baltic market is higher than that of the local stock market indices. The first PC of equity market explains 83 percent of variations.
Global equity market return has a significant impact on CDS spreads of all the countries. When eliminating evident influence of the global equity return, the implied volatili ty index VIX, the interest rate and the countries' macro Note: All coefficients are significant at 1 percent level. parameters, residual common factors still persist, that have influence on commonality of the risk of the Baltic countries. The first PC of the residuals explains 79 percent of residual variations. We have not established any significant impact of the changes of the amount of the debt to GDP on CDS spreads changes in all the Baltic countries. This phenomenon can be explained by the fact that the Baltic countries have smal ler ratios of the debt to GDP than the rest of the EU and financial markets do not treat it as a risk factor. The current account position does not have any observable impact on credit risk of the countries either.
Credit risk expressed in terms of CDS spreads has many commonalities in the Baltic countries, yet after the decision of the European Commission to allow Estonia to introduce the euro the correlation of the Estonian CDS changes with those of the other Baltic countries has drop ped significantly.
The Granger causality test shows that the past values of CDS changes in one Baltic country helps to predict CDS chan ges in another Baltic country. According to the Granger test, the spreads of the Estonian CDS and the Latvian CDS have less impact on predicting changes of the Lithuanian CDS spreads.
CDS changes of Sweden have the highest correlation among the Nordic countries with the Baltic countries. This can be explained by a high volume of investments of Sweden into the financial sector of the Baltic countries.
